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FOREWORD 
 

Rice is the most important food crop of India. The yield of rice is still influenced to a 
considerable degree by the behaviour of the southwest and northeast monsoons. As cropping 
intensity increases, new problems of soil and plant health emerge. Also as production advances, 
problems in post-harvest technology assume greater importance. 

Important results in rice research were achieved in the different states of India during the 
first few decades of the century. After the establishment of the Central Rice Research Institute 
(CRRI) at Cuttack, Orissa in 1946 by the Government of Orissa, rice research and training 
received an added impetus. Within a few years after its establishment, CRRI organized, on 
behalf of the Food and Agriculture Organization of the United Nations, an International indica-
japonica hybridization project. Several outstanding varieties such as ‘Mashuri’ in Malaysia and 
‘ADT-27’ in Tamil Nadu resulted from this project. 

The establishment of the International Rice Research Institute (IRRI) in the Philippines in 
1960 helped to promote the concept of improving the plant type in indica rices based on the 
use of a gene for semi-dwarfing from a Chinese variety. This helped in the breeding of high 
yielding varieties capable of responding to good management and nutrient supply. During the 
International Rice Year in 1966, the ICAR laid out nearly one thousand national 
demonstrations to show how the century’s old stagnation in indica rice yields can be broken. 
This marked the beginning of an accelerated advance in the improvement of the production 
and productivity of rice. The launching of the All India Co-ordinated Rice Improvement Project 
(AICRIP) by ICAR in 1965 helped to establish a national grid of interdisciplinary and inter-
institutional research efforts throughout the country. A large number of scientists pooled their 
material and knowledge under the umbrella of AICRIP for improving the productivity, 
profitability, stability, and sustainability of rice farming systems.  

Though food production in the country crossed 209 million tones from the rock bottom 
level of 52 million tones immediately after independence, still there are problems of 
Affordability, Acceptability and Availability of food (3As) especially to the rural people who live 
below the poverty line. Under the predicament situations, the year 1966 was promulgated as 
International Year of Rice (IYR) by Food and Agricultural Organization (FAO), Rome, mainly 
to relegate famine. Again the year 2004 was also declared as IYR to mainly accomplish 
sustainability in rice production by United Nations Organizations and FAO.  

Rice is vital to more than half of the world world’s populations. It is most important food 
grain in the diets of hundreds of millions of Asians, Africans, and Latin Americans living in the 



 

tropics and subtropics. In these areas, population increases are high and will likely remain high 
at least for next decade. Rice will continue to be their primary source of food. 

In the 1960s, high yielding, lodging resistant, and fertilizer responsive rice varieties helped 
initiate the worldwide expansion in food production called the green revolution. Additional 
rice improvement provided varieties that were resistant to several major diseases and insect 
pests and required growth periods of only 3.5-4 months. New production practices were 
designed to fit these modern rices into a wide range of environments, providing small scale 
farmers in developing countries with higher yields and the potential for multiple cropping. The 
possibilities these scientific advances provide for expanded food production are being 
recognized, not only by the farmers but by government leaders who are concerned with 
national food sufficiency. These leaders have responded by expanding support for rice research 
efforts as well as practical food production programmes.  

Agronomy is a science that helps the advancement of agricultural technologies to feed 
the world. We can call the Agronomy as backbone of all agricultural sciences, because, the 
management of soil and water, with a view to achieve the production potential and high 
yielding varieties in green revolution, is exclusively under an agronomic domain. It may not 
appear as glamorous as nuclear science working miracles but like Ayurvedic medicines, it has 
the capacity to reach the poorer section of the society to bring out the desired results. 
Agronomists can synthesize the production practices from several fields of specialization. 

However, the essential factors in food production such as cultivated land and fresh water 
are decreasing continuously. Current trends on world agriculture show that it is imperative to 
find a scientific and rational way to develop it, a way that can not only steadily increase the 
output but also ensure long term sustainable use of resource in the process of promoting 
agricultural development. 

Improved rice production technologies have created an increased demand for the scientists, 
educators, and practical food production specialists. More than ever young students of rice 
science are seeking information that will help them fulfil the promise of self sufficiency for 
their countries. The primary objective of Rice Crop Science is to provide such information. 

The ICAR had published a monograph on rice research in 1956 and in that publication the 
results of research obtained during 1913 to 1954 were summarized. Then the compilation by 
Dr.S. Y. Padmanabhan, the former Director of CRRI, Cuttack in 1983 indicates the progress 
made during the 1960s and 1970s. The authors of different chapters have brought out in an 
authoritative way the progress made as well as the challenges ahead. 

I am happy that the author has made effort to compile the available information on Rice 
Crop Science which covers a wide range of topics such as Rice botany, breeding, bio-
technology and hybridization; Physiology; Ecology, Agronomy, Integrated crop production 
technologies; Crop protection, integrated farming systems: Organic farming; Management of 
problem soils and flooding regimes; etc. 

This excellent book brings together sources of rice information not heretofore found in a 
single text book. However, crop improvement, crop production, crop protection and 
marketing, processing, industry, economics of rice are clearly mentioned in this book 
for further research and development.  

Agriculture includes science of crop and animal husbandry, horticulture, dairy, forestry, 
fishery, etc. Agronomy deals with the principles and practices of field crop production. In the 
management of field along with the soils and crops, the science of biology, chemistry, physics, 
economics, engineering, etc., are made use of. Thus, for better management of crop 
production, knowledge of such allied sciences is found necessary.  



 

National progress is dependent upon the rapid development of agriculture. Agricultural 
production is mainly dependent upon the maintenance and improvement of soil productivity. 
Farmers should be educated to use lands according to their capability and to adopt proper soil 
conservation measures. The students of agriculture today, will be the architects of the 
agricultural development of the country, in future they will serve the agricultural departments 
of the different states of India. They must therefore, be well trained in different agricultural 
subjects especially, soil science, agronomic aspects of soil water conservation, tillage and 
farming. 

The author presented the book entitled, “Rice Crop Science” in a scientific and 
systematic manner to understand the fundamentals clearly and easily which is the beauty of 
this book. The text-cum-reference book to meet precisely the felt need is an out come of the 
author’s activity involved in teaching, research and extension guidance in the field of agronomy 
for over thirty years. 

Potential can only be achieved under ideal management in an optimal physical, chemical 
and biological environment. Thus, this is a well recognized and urgent need for development 
of rice research for increasing agricultural production in the areas of low rainfall and its 
erratic distribution. The whole philosophy of crop production by using the implements and 
machinery in time that water is a limiting factor in these areas, and one needs to maximize the 
efficiency of the natural rain water for agricultural production. This book is very 
comprehensive covering all the basic principles of agronomy, rice botany, physiology, 
agricultural engineering, and soil science and plant protection towards rice production.  

I am confident that this book will serve a text book for agronomy, rice botany, breeding 
and bio-technology, soil science, crop protection and engineering students, a reference for 
research scientists and teachers in the areas of rice production, integrated farming systems, 
organic farming, cropping systems, production technology management under different 
situations, soil fertility management, and agricultural implements and machinery. This book 
will also serve as a guide to extension officials of the department of agriculture, and also the 
departments of soil science, agriculture engineering farm machinery and power, plant breeding 
and genetics, physiology, agronomy, plant protection and water conservation engineering. I 
congratulate Dr. S. C. Panda for his pain taking effort in bringing out this book covering the 
latest technologies for rice production and research. I am confident that this book will 
adequately meet needs of students of agriculture and rice researchers and maybe widely 
accepted among the students as a text book. I extend my best wishes to Dr. Sharat Chandra 
Panda for the success of the book.  

 
 

Bhubaneswar Dr. Bhagabat Panda 



 

 

Preface 

Rice plays a unique role in providing food to the majority of the world population. Efforts in 
the sphere of research and development are being intensively carried out in different parts of 
the world to increase its area and production per unit area. Such an endeavour is imperative in 
order to support the ever increasing population.  

The scenario in food production is changing fast in the country with the advances made in 
all branches of Agricultural Sciences. However, the science of Agronomy, a specialized subject 
dealing with all aspects of field crop production, has accelerated the pace of food production, 
aided by the progress made in understanding the intricate relationships between crop growth 
and yield, and between crop and its environment of climate, soil, biotic factors and 
management practices. Here, the post-Independent era has seen a four-fold increase in food 
production and currently it is over 209 million tones. The ushering of the Green Revolution in 
the country through introduction of improved high yielding varieties and hybrids particularly of 
Mexican dwarf wheat hybrid, hybrid sorghum and maize and high yielding varieties of rice 
derived from parental material from the International Rice Research Institute (IRRI), 
Philippines in early 1960s brought in its wake an array of new techniques in crop production 
aimed at optimizing plant population, crop geometries, soil fertility management and weed as 
well as pests and diseases containment. The science of agronomy has made it possible to 
generate suitable technology for varied agro-climatic regions and integrate the results of other 
allied sciences, so as to deliver these appropriate innovative and tested practices to the farmers 
at large. 

Agriculture has been a mainstay of human being since time immemorial. Agriculture in any 
form has been practiced in those areas where men have been living permanently. Agricultural 
development is multidirectional having galloping speed and rapid spread with respect to time 
and space. 

Speedy development of agriculture is vital to the progress of our country. For securing 
maximum crop production, the best use of the available land has to be made and the latest 
methods of crop husbandry put into practice. But this depends on the availability of scientific 
information and guidance on all aspects of agriculture in an easily digestible form. 

Agronomy deals with the principles and practices of crop production and soil 
management. In its broader sense, it includes crop ecology, crop production, crop nutrition, soil 
fertility, water management, weed control, seed technology, etc. To be a good Agronomist, one 
needs to have a sound knowledge of all these agronomic aspects and also some related aspects 
from other sciences.  

After introduction of modern varieties of various durations with improved plant types 
along with improvement of input resources, farmers started using improved cultural practices 



 

in intensive cropping systems with labour-intensive programmes to improve production per 
unit land, time and input. In the history of research on tropical rice, the development of plant 
type based high yielding varieties (HYV) was an important landmark. Their wide adoption 
coupled with increased use of fertilizer has helped double rice production in Asia. Several 
countries including India attained self sufficiency in rice and food. 

For more than five decades, Dr. K. Ramiah made many and varied contribution to 
contributions to rice research and development. His pioneering research work on rice genetics, 
his foresight in establishing a standard system of nomenclature and symbols for genes 
necessary for the development of linkage maps, his example of applying the science of genetics 
in breeding efforts for the evolution of now time-tested varieties and many more have 
deservedly earned a special place for him in the field of rice genetics and breeding. His concern 
for improving rice production in Asia, where rice is the source of food and employment for the 
poorest of the world, is evident from a variety of research and developmental strategies 
adopted by him. The prestigious indica – japonica hybridization programme was conceived and 
implemented in Asia by Dr. Ramiah while serving the Food and Agriculture Organization 
(FAO). Therefore, rice improvement research is continuing on the relevance of rice 
improvement strategies to increase and stabilize production; rice improvement research is 
continuing to evolve new plant types, new varieties like nutrient fortified and aromatic rice 
suitable for export marketing.  

With world population doubling every four decades, the water resources of the world are 
becoming one of its most important assets. Water is essential for human consumption and 
sanitation, for the production of many industrial goods and for the production of food and 
fiber. Water is important means of transport in many parts of the world and a significant factor 
in recreation. Even a valuable resource can be a hazard and excessive water like floods cause 
substantial damage and loss of life throughout the world. Water is unequally distributed about 
the earth. In his use of this resource, man pollutes much of the available fresh water and 
degrades it so that it is unfit for any other use. In agriculture, water plays the major role for 
successful crop production. Without water either through precipitation or irrigation, there may 
not be plant growth, since it is essential for the maintenance of turgidity, absorption of 
nutrients and the metabolic process of the plants. 

With the explosive increase in world population, there is increasing pressure on the dry 
lands, which with their semiarid fringes, constitutes fully one-third of the land areas of the 
globe. This increased pressure applies both to the area with primitive agriculture and low 
standard of living as in the arid regions of Asia and North Africa and to technologically 
advanced regions with a high standard of living, such as the western parts of the United States. 
The arid parts of a great number of countries are now usually vast empty areas. A large 
proportion is desert, and its contribution to food production is minimal. Other vast areas on the 
fringes of the deserts in North Africa and Asia, with rainfall that is just sufficient or even 
adequate to grow a single adapted crop during the few months of a year are cultivated with 
poor yielding crops. In other vast areas with similar climatic conditions-in Russia, North 
America and Australia, though cultivation is most modern, the yields are also low in 
comparison with those that are common in the regions of temperate climate. Yet the 
combination of high insolation, favourable temperature and long growing periods of the arid 
and semiarid regions can be profitably used for better crop production if only an adequate 
supply of water can be provided. 

In India, the holdings are generally small, the average farmer is poor, and the draft 
cattle are also small sized and ill fed. Taking these factors into consideration, certain principles 
have been taken up to develop and manufacture the implements and machinery for timely 



 

operation for crop production. Tillage refers to mechanical manipulation of the soil that is 
used to provide necessary soil conditions favourable for the growth of crops. Tillage includes all 
operations and practices that are used for the purpose of modifying the physical character of 
the soil. Mechanization increases the rapidity and speed of work with which farming 
operations can be performed. Mechanization increases the efficiency of labour in agriculture, 
and raises the agricultural production per worker. 

For Plant Protection, prophylactic measures like clean cultivation, seed and nursery 
treatment are cheap and should be widely advocated. Field control of insect pests and diseases 
should be done. To get high yield, it is essential to prevent pests and diseases from attacking 
the crop. Earlier, it was recommended that protective sprays of insecticides should be given at 
various stages of crop growth. However, the increased production cost due to repeated 
insecticidal sprayings, the possibilities of environmental pollution and the reports of varietal 
breakdown resistance have all led to a rethinking in the approach to plant protection. The 
present recommendation involves the limited use of insecticides based on the economic 
threshold to the insect. In other words, unless the harmful insects are present in sufficient 
numbers as to cause economic damage to the crop, spraying of insecticides need not restored 
to. These cells for a constant vigilance on the part of the farmer and extension workers and 
understanding expeditiously control measures against specific pests. 

During the last thirty years, voluminous amount of new scientific information has been 
collected from different Universities and Research Institutes in India and abroad. Earlier books 
published on rice, described mostly the tall indica or dwarf japonica varieties. In this book an 
approach has been made to knit the useful scientific information collected on the new semi 
dwarf high yielding indica varieties with the desired information on japonica and tall indica 
varieties, wherever it is relevant. 

The theoretical aspect of growth and development, as influenced by different 
environmental and management factors, along with their agronomic appraisal, has been 
discussed thoroughly in this book. The aspect of protection of rice crop against insect 
pests and diseases has been dealt within this book. For practical guidance both in 
production and protection of rice crop, readers may consult other books also. 

Rice continues to be the most important food source in the world, with about 20 per cent 
of the globe population depending on it is a staple food. A compilation of available information 
on rice has been a felt need of students, teachers, research workers and administrators. This 
book is aimed at providing a comprehensive text on rice cultivation/production with major 
emphasis on rice integrated farming system, organic farming, precision farming, evolving new 
varieties like nutrient fortified and aromatic rice suitable for export market, system of rice 
intensification (SRI), integrated crop production technologies (ICM) and crop protection 
measures, etc. The book has been adequately illustrated to ensure an easy understanding of the 
complicated problems. 

This book will help to enrich the knowledge of researchers in various fields of agriculture 
and in particular, agronomy, as well as the teachers and researchers of the Agricultural 
Universities/Research Organizations. Bringing available information together in one volume 
will contribute to the advancement of knowledge on Rice Crop Science.  

At present, there is no comprehensive text book on “Rice Crop Science” and applied 
aspects suitable for farmers. This book will provide comprehensive information on the subject 
matter and fulfil the needs of students and other professionals. This is a book containing all 
sorts of chapters on Rice Improvement, Rice Production and Protection by increasing 
the crop production through mechanization of agriculture and reducing the losses by 
developing post-harvest technology. Though this book primarily written to serve as a text 
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